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Progress  Report  No  4;  October  31st  1976 


1.  Introduction 


In  this  section  (1)  we  outline  the  organisation  of  the  present 
report,  review  the  background  (Section  1.1)  and  comment  upon  changes 
in  the  work  statement  (Section  1.2)  instituted  and  agreed  since 
progress  report  3. 

In  response  to  a letter  from  Dr  Fregly,  (3rd  September,  but 
received,  due  to  seamail  delivery; in  October)  certain  specific 
points  about  the  content  of  Progress  Report  No  3 are  dealt  with,  by 
way  of  clarification,  in  Section  2 of  this  report;. 

Section  3 is  a description  of  experience  in  pilot  experiments 
with  expert  designers  and  contains  comments  upon  some  difficulties 
encountered  and  remedied.  Section  4 is  an  account  of  revisions  in 
the  design  brief  of  Progress  Report  3 needed  to  reduce  the  period 
spent  in  marginally  relevant  activity  and  to  render  the  first  design 
task  acceptable  to  student  designers.  Section  3 lists  the  modules 
at  the  disposal  of  subjects  and  Section  6 provides  a breakdown  of  the 
first  design  task  into  subtasks. 

Sections  7 and  8 are  differently  oriented. 

Section  7 details  the  computer  administered  stylistic  tests 
by  showing  one  saiiq>le  pass  through  the  program  and  thus  furnishes 
a realistic  picture  of  how  subjects  respond. 

Finally,  Section  8 describes  the  recruitment  of  subjects 
for  the  experts  (Group  A)  and  the  student  designers  (Group  B) . 

The  listing  of  the  stylistic  test  program,  as  well  as  all 
mathematical  and  technical  matters,  are  relegated  to  Appendices  in 
order  to  render  the  report  more  easily  readable. 


1,1,  Background 


Work  completed  up  to  the  end  of  June  was  described  in  Progress 
Report  No  3 (delayed  by  1 month,  in  order  to  consolidate  the  design 
task  specification).  Up  to  that  point,  we  had  prepared  background 
material,  interviewed  members  of  the  target  population  of  subjects 
namely,  experienced  designers  (Group  A)  and  student  designers  (Group 
B).  The  interface  equipment  was  completed  and  programs  had  been 
written  for  stylistic  pre  and  post  testing  of  subjects.  An  overall 
plan  of  the  experiment  was  specified  (Table  3,  Progress  Report  No  3) 
and  a design  task  had  been  determined.  The  main  variation  upon  pre- 
viously reported  work  was  the  division  of  the  design  task,  under- 
taken by  subjects  in  Group  A as  well  as  Group  B,  into  parts;  the 
Vfixst  design  task"  (which  is  individually  performed  and  monitored) 
and  the  "second  design  task"  (undertaken  by  teams  of  subjects). 

One  advantage  of  the  division  is  that  the  second  desing  task  allows 
us  to  observe  and  record  communication  between  designers,  starting 
off  from  the  individual  designs  produced  in  the  first  task. 

1.2.  Review  of  Changes  in  Work  Statement 

Due  to  change  POOOOl  of  1st  August  1976,  a further  clause  (a) 
is  introduced  into  the  contract  "the  design  task  in  which  innovative 
behaviour  is  to  be  investigated  will  be  broken  down  into  discriminat- 
ing stages".  A breakdown  (based,  at  this  stage,  upon  experience  with 
2 e]q>ert  designers  who  completed  the  first  design  task)  is  described 
in  the  present  report.  Due  to  a change  (insertion  of  clauses  f and 
g)  embodied  in  P00002  of  1st  August  1976,  forthcoming  work  includes 
(f)  "assess  the  design  task  set  forth  in  paragraph  (e)"  and  (g)  "to 
examine  posited  improvement  in  versatility  as  a function  of  specific 
assistance",  (versatility  training). 


2 


Replies  to  Questions  about  Progress  Report  3 


Some  specific  enquiries  regarding  points  of  clarificaticm 
were  noted  in  a letter  from  Dr  Fregly.  The  questions  refer  to 
Table  3 of  progress  report  3 and  the  general  experimental  design. 
Fortunately,  it  was  possible  to  meet  Dr  Fregly  and  Dr  Hutchinson 
in  Washington,  as  the  present  report  was  nearing  ccsapletion  and 
to  discuss  each  question,  informally.  This  section  of  the  present 
report  thus  recapitulates  our  discussion  and  spells  out  the  replies 
in  greater  detail.  The  questions  are  as  follows  : 

(1)  Question:  What  hypotheses  are  being  tested  in  the  study: 
what  relationships  are  expected  between  cognitive  style  and  design 
product. 

Reply:  (a)  As  a main  hypothesis,  designers  (either  experts. 
Group  A,  or  otudents.  Group  B)  who  eriiibit  high  versatility  scores 
on  the  stylistic  tests  will  produce  better  rated  designs,  satisfying 
the  boundary  conditions  (of  "optimising",  reliability,  transparency 
weight /size /cost,  and  environmental  sensitivity)  than  those  having 
relatively  low  versatility  scores.  In  other  words,  it  is  believed 
that  "versatility"  (see  (3)  below)  is  a reliable  index  of  potential 
design  creativity.  We  do  not,  however,  exclude  the  possibility  that 
other  indices  (see  (3)  below)  may  be  predictive;  nor  is  the  evaluation 
of  the  design  product  restricted  only  to  the  four  "optimising" 
criteria  stated  explicitly. 

(b)  That  the  process  of  design,  as  monitored  by  the 
"analytic  session"  data  (Progress  Report  3,  Section  2.3)  will  reveal 
a greater  use  of  valid  analogical  reasoning  on  the  part  of  designers 
deemed  "good"  on  any  of  these  criteria,  especially  in  the  use  of 
analogies  between  the  pure  (electonic)  design  task  domain  and  the 
(physical  chemistry)  application  domain. 

(c)  As  a subsidiary  hypothesis,  subjects  who  have  a 
high  comprehension  learning  score  (see  (3)  below)  but  relatively  low 
versatility,  will  also  use  analogical  reasoning  but  will  be  prone 

to  rely  upon  superficial  analogies  which  may  be  misleading. 


(d)  As  a further  subsidiary  hypothesis,  suggested  by  recent 
studies  of  machine  aided  architectural  design,  there  will  be  little 
difference  in  the  form  or  quality  of  the  designs  offered>by  Grovq>  A 
and  Group  B (experts  and  students)  who  have  similar  versatility 
scores.  There  are  several  studies  which  indicate  that  if  people 
interact  with  appropriately  chosen  computer  aids  (chiefly,  but  not 
exclusively,  in  architectural  design)  the  products  of  professionals 
and  of  users  who  are  not  versed  in  the  design  skill  (architecture) 
differ  very  little.  The  particular  study  which  highlighted  this 
subsidiary  hypothesis  was  carried  out  at  the  University  of 
Strathclyde,  by  Maver  and  his  associates,  where  the  professionals 
(e]q>erts)  designed  infant  school  layouts  and  the  users  (students) 
were  principals  of  such  infant  schools. 

(2)  Question;  What  types  of  subjects  will  be  used. 

Reply ; (a)  Expert  designers  with  experience  in  industry  obtained 
from  a hardware  consulting  firm  (Ilex  Electronics  Ltd)  from  Cambridge 
Electronics  Ltd  and  other  industrial  sources;  faculty  members  with 
previous  experience  either  in  industry  or  in  large  scale  development 
(for  example,  equipment  which  is  replicated  by  subcontractors, 
though  used  in  a research  environment). 

(b)  Student  designers  will  include  postgraduates  from  Chelsea 
College  in  the  University  of  London,  doing  a (night  school)  masters 
option  in  Cybernetics,  with  a background  of  electronic  engineering, 
post  graduate  students  in  the  Department  of  Cybernetics,  and  the 
Department  of  Engineering  at  Brunei  University;  students  from  Kingston 
Polytechnic,  North  East  London  Polytechnic  and  other  Polytechnic 
institutes.  All  of  these  subjects  have  an  initial  knowledge  of 
general  science  and  of  electronic  principles  but  none  of  them  have 
engaged  in  serious  design  work. 

(3)  Question;  What  variables  are  measured  in  the  Pretest  and 
what  is  the  quantitative  form  of  each  variable. 

Reply;  (a)  In  the  revised  (and  computer  administration 
compatible)  scoring  scheme  68  "point"  scores  are  recorded  together 
with  18  confidence  estimates  (in  the  computer  version,  calibrated 
against  objective  performance  in  the  learning  phase)  which  refer  to 
entire  recall  questions. 
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The  point  scores  are  aggregated  as  follows. 


Versatility  is  scored  on  ability  to  make  a prediction  which, 
if  accurate,  depends  upon  integrating  knowledge  of  local  rules  and 
global  rules,  plus  a product  based  score  indicating  recall  of  all 
rules  (the  behaviours  and  networks  excluding  the  predicted  onea).»- 
since  successful  overall  recall  also  depends  upon  integrating 
knowledge  of  local  and  global  rules.  Comprehension  learning  is 
estimated  by  summing  point  scores  for  all  graph  or  network  recall 

scores,  together  with  scores  on  questions  that  call  for  an  \ 

appreciation  of  global  relations.  Operation  learning  is  estimated  | 

by  summing  scores  indicating  knowledge  of  local  rules  governing  | 

! 

behaviours  at  various  phases  (epochs,  years)  together  with  scores 
for  specific  questions  indicating  knowledge  of  local  rules.  A 

neutral  score  of  gross  recall  is  obtained  by  counting  correctly  i 

recalled  items  regardless  of  their  order  or  relation. 

When  normalised  with  respect  to  tne  neutral  score,  the  main 
variables  are  (50  valued)  scale  estimates  of  Versatility,  of  Compreh- 
ension learning  and  of  Operation  learning,  all  based  upon  objectively 
correct  response  scores. 

Subsidiary  discrimination  is  possible,  in  respect  of  whether 
the  global/local  (alias,  comprehension/operation)  difference  is  due 
to  recall  of  abstract  (graph)  relations  or  interpreted  (geographical 
network)  relations.  A further  subsidiary  discrimination  is  possible 
between  subjects  who  merely  wrote  recall  lists  and  those  genuine 
operation  learners  who  (rightly)  interpret  Che  lists  as  describing 
local  rules.  By  other  than  objective  scoring  of  the  recorded  data, 
it  is  possible  to  estimate  a distinct  global/local  tendency  and  a i 

tendency  to  invent  descriptive  predicates /use  given  descriptive 

■I 

predicates.  ■ 

All  of  these  indices  may  be  refined  if  the  point  scores  are 
augmented  by  the  confidence  estimation  data.  The  refined  quantifica- 
tion will  be  calculated  but  we  cannot,  as  yet,  rely  upon  Che  figures 
(chough  it  may  be  possible  to  do  so  before  the  results  are  analysed)  j 

since  confidence  estimation  was  introduced  with  the  computer 
administered  form  of  the  test  and  insufficient  data -is  available, 

at  the  moment.  1 


J 


I (b)  Subjects  are  pretested  using  the  Raven  Progressive 

^ Matrices  11,  the  Witgin  Embedded  Figures  Test  (advanced  form)  and 

I 

f the  Lancaster  Inventory  for  deep  and  surface  level  processing.  * 

i 

5 

( (4)  Question;  What  variables  are  measured  on  the  products 

of  the  first  design  task,  what  quantitative  score  for  each 

V variable  and  what  methods  are  used  for  obtaining  these  scores. 

s 

Reply;  (a)  Stage  by  stage  measurement  is  achieved  by  means 
of  the  analytic  session  after  each  design  session  in  the  first 
design  task.  The  data  consists  in  an  entailment  mesh  representing 
(in  the  THOUGHTSTICKER  system)  the  designers  "thesis"  or  "theory" 
about  his  work  up  to  this  point. 

(b)  In  addition,  the  workability  of  the  design  at  each  stage 
is  estimated,  by  trying  out  its  parts. 

(c)  A series  of  such  (objective)  records,  one  for  each  design 
session,  can  be  analysed  in  several  ways.  The  most  general  quanti- 
tative procedure  is  a "q-analysis"  and  "pseudo-homotopy  analysis" 
(Atkin  1964,  1965,  1966)  / of  the  entailment  meshes. 


(d)  Specific  features  can  be  extracted  from  the  analytic 
session  records  and  we  immediately  conteiiq>late  an  analysis  to 
determine  the  incidence  of  valid  analogical  reasoning  and  non  valid 
analogical  reasoning  (this  is  a mechanically  executed,  quantitative 
process). 

(e)  Other  specific  features  include  back  tracking  in  design 
ideation  and  the  interval  needed  to  remedy  mistakes,  if  any,  in  the 
stage  by  stage  design  product. 

^ 

f * Entwistle  N.E.  and  Robinson  M.  (1976)  Personality  cognitive  style 

^ and  students  learning  strategies  2nd  Congress  European  association 

for  research  and  development  in  Higher  Education,  Louvain,  Belgium. 

•/  Atkin  R.  (1964)  Mathematical  Structure  in  Human  Affairs  Heinmann. 


I (1965,  1966)  Research  Reports,  Department  of  Mathematics,  University 

‘ of  Esaev. 


(f)  The  final  first  desi^  products  are  to  be  evaluated  in 
terms  of  function  and  the  four  optimising  criteria,  using  expert 
designers  as  judges  (Progress  iteport  3 Section  2.8). 

(g)  Although  dialogue  between  designers  and  the  experimenter 
is  tape  recorded  we  regard  content  analysis  of  this  dialogue  as 
optional  and  will  determine  whether  or  not  the  analysis  is  likely 
to  be  worthwhile  only  when  tape  recordings  have  been  obtained. 

(5)  Question  : Uhat  variables  are  to  be  measured  on  the 
second  design  task,  what  is  the  quantitative  score  for  each  variable 
and  by  what  method  is  the  score  obtained. 

Reply;  The  same  types  of  measurement  and  evaluation  as  noted 
in  replies  (4)  (a)  to  (4)  (f)  with  certain  differences  due  to  the 
fact  that  the  second  design  task  and  is  a group  task  primarily 
intended  to  •■ample  comnunication  between  designers  acting  as  a team. 

One  difference  is  that  only  two  analytic  sessions  are  avail- 
able for  each  individual  in  a group  (one  of  the  two  at  an  arbitrary 
point  in  the  team  task,  and  the  other  at  the  completion  of  the  team 
task),  hence,  the  progressive  measurements  (of  (4)  (a),  (b),  (c), 

(d)  ) are  less  detailed. 

The  other  difference  is  that  tape  recorded  dialogue  reflecting 
communication  between  designers,  is  taken  seriously  and  the  dialogue 
will  be  content  analysed  (in  contrast  to  the  doubtful  status  of 
dialogue  noted  in  (4)  (g)  ).  The  analytic  method  is  not  yet  decided, 
but  it  appears  that  Holsti's  propositional  analysis  * is  preferable 
to  more  usual  methods  based,  for  example,  upon  Osgood's  semantic 
differential. 

(6)  Question;  What  variables  will  be  measured  on  each  subject 
during  the  post  test.  What  is  the  quantitative  form  of  the  variables. 

Reply;  The  variables  in  the  stylistic  test  (a  matched  form  of 
the  pretest  for  style)  are  those  considered  already  in  reply  3(a). 

It  is  also  intended  to  administer  the  Lancaster  Inventory  for  deep 


* Holsti  O.R.  (1969)  Content  Analysis  for  the  Social  Sciences  and 
Human  ties . A*i3i Son  Wes  ley  . 


and  superficial  learning,  further  progressive  matrices  and  further 
Embedded  Figures  tests  (as  in  reply  3(b)  ).  Other  tests  were 
suggested  by  Dr  Fregly,  at  our  recent  meeting  in  Washington^  notably, 
a test  for  sensitivity/insensitivity  and  for  external! sat ion/ 
internalisation  developed  by  Dr  Reason  of  Leicester  University  (since 
subjects  are  already  taking  part  in  the  experiments,  these  tests 
cannot  be  incorporated  as  pretests,  but  are  candidate  post  tests). 

(7)  Question;  What  analysis  is  planned.  What  relationships 
between  the  subject  data  and  the  design  product  data  are  to  be 
examined . 

Reply;  (a)  Absolute  stylistic  profiles  for  experts  (Group  A) 
and  students  (Group  B) . 

(b)  Pretest/post  test  stylistic  comparison.  We  expect  a 
general  increase  in  versatility  as  a result  of  a design  experience 

in  which  the  analytic  sessions  present  the  designer  with  information, 
that  is  not  generally  available,  concerning  the  mental  operaLions 
that  acconq>any  his  design  and  force  him  to  exteriorise  part,  at  any 
rate,  of  his  cognition.  We  predict  that  the  change  will  be  less 
for  experts  than  students,  due  to  cognitive  fixity  and  that  a greater 
increase  in  versatility  will  be  evident  amongst  those  subjects 
selected  for  and  given  specific  versatility  training. 

(c)  Absolute  (objective,  analytic  session)  measures  for 
individuals  in  the  first  design  task  (see  (4)  (a),  (b) , (c)  ). 

(d)  Absolute  (objective,  analytic  session)  measures  for 
individuals  in  the  second  (team)  design  task  (See  (5)  ). 

(e)  Individual  comparison  (hypothesis  of  positive  transfer  of 
learning)  for  individuals  between  first  and  second  design  task. 

(f)  Comparison  between  first  design  product  evaluation  and 
versatility  (positive  correlation  is  hypothesised). 


(g)  Comparison  of  design  method  (notably,  in  use  of  valid 
analogical  reasoning)  and  the  evaluated  quality  of  design  product 
(first  design  task). 

(h)  Quality  of  team  design  and  form  of  interpersonal  dialogue. 

(i)  Versatility  con^ared  (hypothesised  positive  correlation) 
with  intermediate  level  of  field  independence  (Witgin,  Embedded 
figures). 

(k)  No  significant  difference  in  method  between  e:q>erts 
(Group  A)  and  students  (Group  B)  in  first  design  task. 

(8)  The  replies  to  question  7 represent  only  a sample  of 
many  possible  measurements  and  comparisons  that  are  possible 
because  of  detailed  analytic  session  and  test  response  recording 
over  a reaV' 'tically  complex  pair  of  design  tasks.  Until  data  are 
collected  in  fair  quantity  (surely  not  at  this  stage)  we  hesitate 
to  predict  the  relative  value  of  the  comparisons,  apart  from  the 
statement  of  some  key  hypotheses  (reply  to  Question  1).  In  turn, 
it  would  be  premature  to  lay  down  guidelines  for  the  most  useful 
statistical  tests:  it  is  evident  that  the  records  are  well 
quantified  so  that  various  statistical  techniques  are  applicable 
within  the  experimental  framework  of  Progress  Report  3,  Table  3. 

Of  these,  some  are  well  known  (Students  t Test  for  significant 
differences;  analysis  of  variance,  etc)  but  others,  which  seek 
out  significant  differences  reflecting  different  design  methods, 
though  less  well  known,  may  be  of  equal  or  greater  merit. 


>erience  with  first  pilot  studies . 
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The  first  design  task  has  been  completed  by  two  expert 
designers  who  produced  quite  different  design  solutions  and  parts 
of  the  task  have  been  tried  out  using  inexperienced  (student) 
designers . 


3.1.  Summary  of  Experience. 

One  expert’s  solution  is  shown  in  Fig  1 and  it  closely 
resembles  the  original  form  presented  in  Progress  Report  3j  the 
other  expert’s  solution  is  shown  in  Fig  2.  These  solutions  are 
based  upon  different  mathematical  formulations  as  indicated  in 
Appendix  1 (for  Fig  1)  and  Appendix  2 (for  Fig  2).  The  (expert) 
subjects  took  47  «uid  55  man  hoiirs  to  complete  and  check  their 
designs. 

Fig  3 is  a photograph  of  one  completed  design. 

In  both  cases,  the  subjects  did  detect  similarities  between 
circuit  functions  (valid  analogies  within  the  task  domain)  and, 
in  both  cases,  the  subjects  used  information  about  physical 
chemistry  to  form  valid  analogies  between  the  task  domain  and  the 
application  domain.  The  latter  finding  is  particularly  gratifying 
because  it  indicates  that  the  task  is  taken  seriously  and  not 
abstracted  as  a problem  solving  puzzle. 

The  number  of  hours  required  (47  and  55)  is  greater  than 
anticipated.  This  result  is  pleasing  insofar  as  it  vouches  for 
the  realism  of  the  task  but  slightly  alarming  if  we  suppose  that 
student  designers  will  take  even  longer  to  complete  the  assignment. 
Consequently,  we  examined  the  design  process  to  detect  stages  which 
were  exceptionally  time  consximing  and  which  might  be  deemed 
irrelevant  to  the  main  theme.  These  stages  cannot  be  eliminated, 
but  the  time  occupied  can  be  reduced  by  specif3rLng  what  must  be 
done  (ie.  giving  a standard  method)  instead  of  allowing  for 
deliberation. 


I 


3.2. 


Difficulties  Encountered 


On  inspecting  the  combined  evidence,  there  appear  to  be  two 
tj^es  of  "hang  up"  which  certainly  form  part  of  design  but  are  quite 
legitimately  seen  as  peripheral  to  the  first  design  task.  One  of 
them  concerns  the  detailed  design  of  circuit  elements  which  are 
essential  in  any  reaction  simulator.  For  example,  the  experts  spent 
many  hours  trying  to  perfect  a logarithmic  amplifier  (for  computing 
logarithms  and,  inversely,  antilogarithms  of  quantities)  constructed 
using  operational  amplifiers  and  matched  transistors.  This  subtask 
is  interesting  in  its  own  right,  but  occupies  a disproportionately 
large  amount  of  time.  The  other  "hang  up"  concerns  choice  of  the 
performance  criterion  to  be  used  as  indicating  that  the  design 
specification  is  satisfied* 

These  two  types  of  difficulty  have  been  tackled  (a)  by 
modifying  the  designers  "brief"  or  "specification"  and  the  basic 
modules  or  components  at  his  disposal  (so  that,  for  example,  a 
Logarithmic  Amplifier  is  supplied  as  a prefabricated  element). 

(b)  By  stipulating,  more  precisely,  what  tests  are  to  be  carried  out, 
which  is  tantamount  to  providing  the  task  "breakdown"  into 
"subtasks"  noted  in  Section  1.2. 

Many  of  the  tests  involve  curve  plotting;  the  designed 
simulator  should  behave  in  accordance  with  digitally  computed 
values.  In  practice,  we  give  subjects  access  to  a computer 
terminal  with  the  easy  to  use  interactive  language  BASIC  (in 
addition  to  the  calculator  noted  in  Progress  Report  3)  so  that  it 
is  a simple  matter  to  compute  values  of  a given  function  and  compare 
these  with  the  readings  obtained  from  the  (designed)  reaction 
simulator. 

Changes  in  the  "brief"  or  "specification"  are  described  in 
Section  4 (as  a tightening  up  of  the  brief  given  in  Progress 
Report  3,  Section  2.7),  the  modules  are  described  in  Section  5 
and  the  task  breakdown,  in  Section  6. 


4.  Modifications  to  the  design  brief  for  first  design  tMlt» 

The  original  brief  (Progress  Report  3»  Section  2.7)»  stands, 
in  outline,  but  has  been  modified  by  incorporating  the  folloving 
clauses  and  restrictions. 

(1)  The  display  format  (using  meters,  but  with  connections 
allowing  for  repetitiTe  operation  and  an  oscilloscope  display)  is 
mandatory  rather  than  optional  (as  it  was  in  the  original  brief). 

(2)  Reaction  simulator  units  must  be  impedance-wise,  and 
voltage-wise  compatible  for  interconnection,  as  series  or  parallel 
arrangements,  in  order  to  simulate  a complex  reaction  in  terms  of 
simple  reactions. 

(3)  The  "thermostat"  and  the  ci’*<'uitry  concerned  with 
varying  reaction  rates  as  a function  of  the  computed  "temperature" 
is  to  be  an  integral  unit,  compatible  for  interconnection  to  not 
less  than  5 reaction  simulator  units. 

(4)  In  view  of  (2)  and  (3)  above,  the  designer  should 
restrict  attention  to  integral  values  in  the  exponents  of  the 
concentration  terms  of  the  rate  equation j in  other  words,  any  one 
reaction  simulator  may  represent  a simple  reaction  (of  1st  order, 
or  2nd  order,  etc),  these  integral  orders  to  be  variable,  in  steps, 
for  each  reaction  path). 

(5)  Integration,  Exponentiation,  Summation,  etc,  must  be 
perfomed  by  analogue  components  (a  mandate,  not  an  option,  as 
in  the  original  brief). 

(6)  The  equation  for  "net  rate"  ( X net)  is  made  explicit 
(see  Appendix  3)  and  so  is  the  equation  for^  H (see  Appendix  3). 

In  the  original  brief  these  relations  were  to  be  derived. 


(7)  A test  board  is  provided  with  potentiometers,  switches 
and  monitoring  sockets  for  all  relevant  quantities  namely 

Stoichiometric  coefficients  - rotary  switches  N , N , N_,  N 
— •'  A B C D 

For  reaction  N.A  + N„B  ^ N„C  + N D - 
A B C D 

Arrhennius  Function  Parameters  - Potentiometers 
Log  Ap  - Frequency  factor  for  forward  reaction 

E*  - Activation  energy  for  forward  reaction 

Log  Aj^  - Frequency  factor  for  reverse  reaction 

E*  - Activation  energy  for  reverse  reaction 
K 

Rate  constant  - Manually  set/con^uted  from  Arrhenius  expression  - 
switches. 

Monitoring  Sockets  - Forward  rate  constant  (K^,)  reverse  rate  constant 
(K^)  , temperature,  concentration  of  A,  B,  C,  D. 


The  following  parts  of  the  brief  have  been-  modifi^ 
in  accordance  with  the  conditions  listed  above  as  (1)  to  (7)  and 
mostly  refer  to  test  procedures  that  are^in  the  revised  brief, 
spelled  out  as  specific  requirements.  The  degree  of  freedom  for 
making  fundamental  mistakes  is  thus  reduced  and  consequently 
the  potentially  available  information  about  misbegotten  design 
methods.  On  balance,  however,  we  feel  that  the  loss  of  (potential) 
information  is  more.  than_  offset  by  the  likelihood  of  smoother  and  more 
expeditious  conduct  in  an  experimental  task  which  is  still  unusually 
rich  and  realistic. 

Some  test  procedures  involve  curve  plotting  and  the  comparison 
of„  the  (designedX  simulator's  behaviour  with  the  behaviour  of  a 
computer  program  written  in  BASIC  (Section  3.2)  . Examples 
are  given  in  the  discussion  (Section  6)  of  the  task  breakdown. 


(a)  Given  input  parameters  set  to  produce  an  nth  order  reaction  a 
graph  of  concentration  of  a reactant  or  product  vs.  time  should  give 
the  appropriate  reaction  profile,  (ie.  unmistakably  nth  order.). 

(b)  For  any  given  setting  of  input  parameters  the  value(s)  obtained  for 
the  rate  constant  (from  graphs)  should  be  predictable  and  repeatable. 


(c)  The  rate  ccHistant  should  approximately  double  for  every  10  Kelvin 
rise  in  temperature  and  plots  of  Log.  (rate  constant)  vs  (Temp) 
should  be  linear. 


(d)  If  the  Activation  Energy  parameter,  for  either  forward  (E*)  or 

w 

reverse  reactions  (E^) » increased  then  the  rate  constant  (K^  or 
K^)  should  decrease. 


(e)  If  the  frequency  factor  A^  (for  the  forward  reaction);  A^^  (for 

the  reverse  reaction);  is  increased  then  ^ ^ should  increase. 

(f)  If  E*  > E*  then  the  enthalpy  change  for  the  reaction  (AH’* 

r H 

E*  - E*)  is  negative  and  the  reaction  is  exothermic. 

If  E*  < E*.  then  the  enthalpy  change  is  positive  and  the 
reaction  is  endothermic. 


(g)  Observed  values  of  the  equilibrium  constant  for  a reaction  should 
agree  with  e]q>ected  values  (according  to  the  "equilibrium  law") 

to  withi.n  typical  margins  of  experimental  error  (lOZ) 

(h)  The  equilibrium  constant  for  a reaction  should  increase  with  tem- 
perature rise  if  the  reaction  is  endothermic  and  decrease  with  temperature 
rise  if  the  reaction  is  exothermic  . Graphs  of  Log  (equilibirum  con- 
stant) vs'.  (Teiq>)  ^ should  be  linear. 


Modules  made  available  to  the  designer 


As  noted  in  Section  3,  some  relatively  irrelevant  problems 
of  circuit  configuration  delayed  the  expert  designers  and  it  seems 
likely  that  these  problems  would  cause  even  greater  trouble  to  an 
inexperienced  student  designer.  In  order  to  reduce  the  number  of 
man  hours  spent  in  designing,  we  have  thus  replaced  some  of  the 
electronic  components,  noted  in  Progress  Report  3,  by  modules  that 
are  prefabricated. 

Apart  from  the  experimental  convenience  obtained  by  doing 
so,  this  expedient  is  in  accord  with  the  philosop!:^  of  "modular 
design"  which  is  nowadays  commonly  accepted  and  agreed  to  be 
effective. 

The  modules  ai:*e  as  follows  : 

(1)  Integrating  amplifiers  (2  types) 

(2)  Logarithmic  amplifiers  (2  types) 

(3)  Summing  amplifiers  (2  types) 

(4)  Multipliers 

(5)  Dividers 

(6)  Exponentiators  (4,  5»  and  6 are  all  configurations  of  components 
around  one  operational  multiplier  I.C.) 

(7)  Mode  control  circuits  (2  types)  used  to  run,  reset,  or  cycle 
an  integrator. 

(8)  CMOS  analog  switches  (4  channel  ICs) 

(9)  Antilog  amplifiers 

(10)  Resistors,  capacitances,  boards,  wire,  light  emiting  diodes, 
lamps,  etc. 

(11)  Display  meters,  oscilloscope  and  indicators  (from  Section  4 
the  display  format  is  mandatory)  and  the  test  board  of  Section  4 
providing  standard  inputs. 


6. 


Bi^akdown  of  the  first  design  task 


It  is  possible  to  conceive  two  basically  different  approaches 
to  the  design  of  a reaction  simulator,  even  though  an  analogue 
design  is  mandatory  under  the  revised  brief. 

(a)  Having  determined  the  overall  requirements,  the  designer 
might  manipulate  the  functions  to  be  computed  in  oxxler  to  minimise 
the  number  of  circuit  elements  required. 

(b)  Having  determined  the  overall  requirements,  the  designer 
might  organise  the  circuit  elements  so  that  there  is  a one  to  one 
corz*espondence  between  blocks  of  components  and  variables  entering 
into  the  computation  of  functions  that  reflect  (are  analogous  to)  a 
concrete  process. 

The  first  of  these  alternatives  ' (a)  above)  could  lead  to 
an  elegant  but  inflexible  and  far  from  transparent  design.  In  any 
case,  a pure  form  of  (a)  is  precluded  as  a result  of  constraints 
(for  example.  Section  4 clause  (3)  ) built  into  the  revised  brief 
and  our  task  breakdown  is  based,  primarily,  upon  (b).  This 
decision  is  not  so  restrictive  as  it  seems  to  be  at  first  sight, 
since  the  subject  is  allowed  to  design,  within  the  brief,  in  any 
order  he  likes  (for  example,  he  could  do  all  the  paperwork  and 
calculation  first,  making  up  a circuit  to  realise  his  paperwork 
later;  he  could  complete  the  paperwork  needed  to  specify  a module, 
build  the  module  and  return  to  further  papezvoz^c). 

The  breakdown  thus  specifies  an  unordered  set  of  subtasks. 
Though  all  of  the  subtasks  must  be  completed,  it  is  possible  (and, 
judging  by  the  two  expez^s*  comments)  usual  to  partially  complete 
a subtask,  reenter  a diffez^nt  sub task,  weaves  through  several 
related  activities  and  returns  to  the  original  subtask  (which  may 
be  completed  at  this  stage  or  again  put  aside  to  deal  with  some 
other  subtask). 

The  following  breakdown  excludes  those  features  of  the  design 
(such  as  the  display  format  and  the  existence  of  9.  thezmiostat  uziit 
as  an  integral  entity)  that  az%  determined  by  the  design  brief. 


1.  Mathematical  fonnulaticn  of  coiiq>lete  system. 

2.  Design  in  terms  of  functional  blocks 

3.  Detailed  specification  of  modules  eg.-  Integrators,  rate  express 
ion  generators,  Arrhenius  Function  generators.  Thermostat  (temperature 
control)  unit.  Enthalpy /temperature  change  display  driver 

4.  Selection  of  components  (circuit  design)  for  each  module. 

5.  Physical  layout  for  function  modules 

6.  Coiiq>uter  simulation  to  test  scaling  factors,  and  compatibility 
of  modules  (Fig  4 and  Appendix  4,  for  details  ) 

7.  Construction  and  testing  of  integrators 

8.  Construction  and  testing  of  rate  expression  generator 

9.  Construction  and  testing  complete  system  without  temperature 

functions  (using  computed  solutions  for  comparison) 

10.  Construction  and  testing  of  temperature  modules 

11.  Overall  testing  - check  relations’’-^'  between  rate  and  teiiq)er- 
ature  and  equilibrium  constant  and  temperature.  (Fig  5 and  Appendix  for 
details). 
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7_j Computer  Administration  of  stylistic  tests 

The  spy  Ring  History  Test  (Progress  Report  3)  and  matched 
stylistic  tests  are  most  conveniently  administered  by  a computer. 

It  is  thus  possible  to  ensure  that  transaction  lists  are  learned  to 
criterion,  to  elicit  confidence  estimates  from  the  subject  and  to 
calibrate  them  against  objective  correct  response  probabilities 
during  the  learning  trials,  thus  giving  a meaning  to  confidence 
estimates  elicited  with  respect  to  recall  of  (the  usually  transformed 
and  recorded  ) information. 

During  recall  it  is  also  possible  to  give  the  subject  free 
but  monitored  access  to  data  items  which  he  may  heed  to  complete  a 
response;  as  a result  to  determine  the  pattern  of  "gaps  in  his 
knowledge"  which  (though  we  have  not  yet  made  serious  use  of  the  data) 
is  believed  to  be  $ymptomatic  of  learning  style.  In  particular 
the  subject  is  provide^  prior  to  each  recall  trial, with  a "menu 
of  data  items"  through  which  he  may  access  data  selectively  and 
at  a given  cost  in  terms  of  points.  He  is  asked  to  minimise  the 
cost  (ie  the  number  of  points  ) needed  to  recall  the  original 
material  at  a given  (greater  than  0.8)  level  of  confidence.  The 
number  of  points  which  may  be  expended  in  data  access  is  currently 
set  at  50  but  the  initial  number  of  points  (or,  for  that  matter, 
selective  costs)  can  be  adaptively  controlled  as  a function  of 
indivdiaul  performance  during  the  learning  trials.  Even  as  it  stands, 
the  recall  trial  confidence  estimates  are  interpreted  according  to 
the  objective  calibration  established  during  the  learning  trials. 

These  features  of  the  test  administration  program  were 
noted  in  Progress  Report  3.  In  the  present  report  the  program 
listing  is  given  in  Appendix  5 and  salient  stages  in  one  pass 
through  the  test  (one  subject)  are  shown  in  the  composite  Fig  6. 

The  subject  has  read,  at  leisure,  the  "background  data",  presented 
as  a booklet  (as  used  in  the  manually  administered  test)  and  has 
already  learned  and  recalled  the  practice  lists.  Consequently, 
the  subject  is  familiar  with  the  possibility  and  providence  of  en 
coding  the  relation  expressed  by  a list  as  a graph,  he  is  further 
aware  that  this  encoding  does  not  capture  the  entire  content  of 
an  activity  (a  message  transmission  behaviour  ) except  in  special 
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Computer  Administration  of  stylistic  tests 


The  spy  Ring  History  Test  (Progress  Report  3)  and  matched 
stylistic  tests  are  most  conveniently  administered  by  a computer. 

It  is  thus  possible  to  ensure  that  transaction  lists  are  learned  to 
criterion,  to  elicit  confidence  estimates  from  the  subject  and  to 
calibrate  them  against  objective  correct  response  probabilities 
during  the  learning  trials,  thus  giving  a meaning  to  confidence 
estimates  elicited  with  respect  to  recall  of  (the  usually  transformed 
and  recorded  ) information. 

During  recall  it  is  also  possible  to  give  the  subject  free 
but  monitored  access  to  data  items  which  he  may  heed  to  complete  a 
response;  as  a result  to  determine  the  pattern  of  "gaps  in  his 
knowledge"  which  (though  we  have  not  yet  made  serious  use  of  the  data) 
is  believed  to  be  symptomatic  of  learning  style.  In  particular 
the  subject  is  provide4  prior  to  each  recall  trial, with  a "menu 
of  data  items"  through  which  he  may  access  data  selectively  and 
at  a given  cost  in  terms  of  points.  He  is  asked  to  minimise  the 
cost  (ie  the  number  of  points  ) needed  to  recall  the  original 
material  at  a given  (greater  than  0.8)  level  of  confidence.  The 
number  of  points  which  may  be  expended  in  data  access  is  currently 
set  at  50  but  the  initial  number  of  points  (or,  for  that  matter, 
selective  costs)  can  be  adaptively  controlled  as  a function  of 
indivdiaul  performance  during  the  learning  trials.  Even  as  it  stands, 
the  recall  trial  confidence  estimates  are  interpreted  according  to 
the  objective  calibration  established  during  the  learning  trials. 

These  features  of  the  test  administration  program  were 
noted  in  Progress  Report  3.  In  the  present  report  the  program 
listing  is  given  in  Appendix  5 and  salient  stages  in  one  pass 
through  the  test  (one  subject)  are  shown  in  the  composite  Fig  6. 

The  subject  has  read,  at  leisure,  the  "background  data",  presented 
as  a booklet  (as  used  in  the  manually  administered  test)  and  has 
already  learned  and  recalled  the  practice  lists.  Consequently, 
the  subject  is  familiar  with  the  possibility  and  providence  of  en 
coding  the  relation  expressed  by  a list  as  a graph,  he  is  further 
aware  that  this  encoding  does  not  capture  the  entire  content  of 
an  activity  (a  message  transmission  behaviour  ) except  in  special 


cases  . Finally,  at  this  stage,  he  is  alive,  to  the  further' 
possibility  of  describing  either  lists  or  graphs  by  descriptors 
like  the  predicate  with  values  called  "countries"  in  the  test. 

The  frames  in  Fig  6 represent  the  images  presented  to  the 
subject  either  on  the  ASDS  display  or  a random  access  projector  * 
contingent  upon  his  adopting  a particular  response  pattern  which 
is  spelled  out  by  the  captions.  Some  repetitions  have  been  omitted 
but  the  sequence  is  complete  dnough  to  show  each  kind  of  event. 

* The  random  access  projector  is  optional  since  the  information 
in  question  could  be  presented  through  any  graphics  display. 

The  device  is  used  in  this  implementation  as  a matter  of 
convenience  only  and  the  slides  embody  information  which  could 
be  computed  from  data  stored  in  the  machine. 


8. 


Subjects 


Subjects  are  recruited  on  the  understanding  that  if 
they  pass  the  "filtering”  preliminaries  (Table  3 of  Progress 
Report  3)  they  may  expect  to  engage  in  no  more  than  50  to  60 
hoiu*s  of  work.  Sessions  for  the  first  design  task  are  arranged 
at  their  convenience;  for  the  team  task,  by  consensus.  This 
figure  is  realistic,  insofar  as  the  revised  first  design  brief 
should  reduce  the  design  time  for  an  expert  to  (roughly)  25  hours 
and  for  a student  (training  included)  to  roughly  35  or  40  hours. 

So  far,  5 more  expert  (Group  A)  subjects  have  agreed  to 
participate  and  6 students  (Group  B).  The  tasks  do  appear  to 
arouse  interest  and  it  takes  some  while  for  information  about 
the  experiment  to  "get  around"  the  polytechnic  population. 
Enquiries  are  expected  to  come  in  for  consideration  throughout 
the  next  month  and  no  great  difficulty  is  anticipated  in 
obtaining  an  adequate  number  (at  the  moment  the  absolute 
number  is  undetermined)  of  suitable  student  designer  subjects 
and  to  do  so  relying,  chiefly,  on  word  of  mouth  publicity. 

No  attempt  has  yet  been  made  to  obtain  Chelsea  College  students, 
since  the  postgraduate  evening  class  commences  in  January. 


Functioa  Gen. 


■■ter  display* 


1st  Order 


Fig.  5*  Arrhenius  Function  Generator 
(simulated  temperature  range 
(see  Appendix  4b  for  program 
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6(13)  Jraph  ■^or  19'30.  6(14)  After  recall  in:^  all  lists  correctly  the  subject  is  asked! 

the  question  shown  shvovc.  Tn  this  case  letter  T was 
prc.ssc.l  for  i nfo-m.i  ti  on  . The  followin;  photo,:;raphs  s'low 
the  ''.nenu''  of  informati  on  . 


6(17)  \ftcr  fixed  ex po^Mro  of  slide,  fraiie  6(1*5)  vv.is  re-  6(18)  chosen  i sp/  in  pi'ovLojs  frame,  the  further 

displayed.  Scor'e  ha  I deei'eased  to  10.  Suh.jee.t  then  snhd  i v t s i ons  ihove  were  presented.  On  pressing  any 

P'^essed  tu^.  1 (('(is)  ) ail  the  e'loic.e  shown  ihove  eii  o',  these  niithers,  an  app>'opriate  slide  would 

wds  then  displiiyoil.  live  'eeen  s’v'wn. 


6(19)  Hiving  selected  any  year  fro.Ti  <^(15)  the  6(20)  riie  year  cheson  is  further  subdivided  as  s'lOiim  abave 

su’^'d  i vi  sions  shewn  above  wore  presented.  On  pressin’;  any  one  of  these  nunbers,  an  appropriate 

slid'  is  presented . 
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6(23)  M.ivln ; c'lo.scn  "a  iv  country"  From  “^rme  ^)(1S)  tliose  6(24)  These  v-iptions  woiI.T  be  ,sho•^r.^  if  (3),  (4) 

options  were  provii1e3.  Clioice  of  (I)  or  (2)  causes  a p''e  ;se  ) in  respoi  .e  to  the  p"e7iou.s  fraT?-’ 


6(25)  Havin:  soon  ill  tlto  i nforinit i on  ’ic  required,  subject  6(26)  SiUje,*  ro  ponded  by  p’os  in^  t^v'o  pairs  of  Initials 

would  have  pressed  (\)  to  .no/v'  on  ,it  tiio  n'\t  display  oH  !'  - 0.  T’v  s v.n'iot  ie  borders  anpear  auto- 

ol  I 1 .1  'lie  ^' ( I 5 ) • r'l  ' i|  I I i o I b • bad  d ■ ( i’ in 'od  Vi'u  1 1)  : 1 1 1 1 illy  , i T I ■ • r < mi  ' i p. i i i . S'l  ' j O'.'  1 ' 'n  ni  p’e  ; ■ . .vt  \ 

then  'live  b.'on  •e-'d  i spl  ayod  as  slio.vn  above.  Note  to  sb  >.%’  it  - Ini  finisbed. 
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6(35)  Subject  can  clioose  to  recall  r!;r.iph^  in  tlie  form  in  6(36)  Tbis  shows  tn"  spy  nir's  irraniot.!  is  in  tbe  earlier 

wbieli  he  first  s;)v  them  oi-  ns  :?nps  sho.vin"  boni.-l  ir  i os . .ih-.tiMct  forn.  \t  I’nis  piitit  th  :<  proornti  is  wiiti.ng 


^(37)  Subject  !>as  typ.'J  four  pairs  initials  so  far.  As  before  6(3"'^)  Subject  !ias  fitiis'ied  <Trap'i  for  I076,  Coufidenc 
lines  an  1 iriv.v’s  are  displaye.l  .mto  tiat  i ra  I 1 v with  .arrow  b.'-'it  e ;f  i ' ' ' t o.l  and  It'  bis  no.v  finislie-l  bis  roca 

dirertioi  iTain  in  1 .uioi'd  in  u'  witb  tbe  sub.jerts  distinc-  of  f be  .'uapli  '"or  IU77.  A?).  As  wit'i  list  rerall 

tlou  of  sender/receiver  (sender  first).  repetitioi  is  re.piirod. 


Appendix  1 Mathematical  Basis  for  Design  1 (Fig  1) 


Stoichiometric  Equation 
Na  A + Nb  B ^ C + Nj,  D 

Coefficients  Na»  N^,  N^,  set  (using  rotary  switches)  to  values 
0,  1 or  2. 

Integrators ; 

One  integrator  for  each  term  in  stoichiometric  equation 


ou 


- r V.  dt  + 

r RC  1 


't»0 


\ 


net  rate  /\  ^ = - 1 

net 


dLA]  . -1 


N.  dt 
A 


N, 


dt 


1 d 
Nc  dt 


±Jj53 

dt 


For  reactant  A,  for  example, 

TaI  “ X net  x 


dt 


initial  concentration  of  A (set  with  integrator  in 


reset  mode) 


» scaling  factor  (R  * 1 MJL  , C ■ 4,7  ia,  F) 

RC  / 

Von"  (concentration  of  A at  time  t) 


Log 


K - voltage  in  range  0 - lOv 
F 


parameters  set  by  potentiometers 

^f) 


R - Fixed  parameters  (gas  constant) 


T - temperature  (°K)  , voltage^with  1 volt  change  representing 
100°  K change  in  teiiq>erature. 


Appendix  2-  Mathematical  Basis  for  Design  2 (Fig  2) 


The  main  difference  between  Design  1 and  L''sig;n  2 arises  because 
the  differential  equation  governing  the  relationship  between  reaction 
rate  and  concentration  is  formulated  differently. 

This  leads  to  an  implementation  using  a single  integrator  and  four 
summing  units  in  place  of  the  four  integrators  used  in  the  first 
design. 

The  second  design  has  advantages  in  terms  of  cost  and  ease  of  setting 
up  but  is  not  so  easily  interconnected  with  other  units  to  simulate 
a chain  of  reactions. 


Rate  Expression; 

Let  X ■ normalised  decrease  in  concentration  of  A.  B,  in  time  t. 
and 

- X =■  normalised  increase  in  concentration  of  C,  D,  in  time  t. 


Actual  decrease  in  A ■ N.x 

B-V 


c - - 


V 


D - -NpX 


Net  rate 


\ 


-1 


net 


d t 


d t 


- 1 


'■[»] 

d t 

d t 


For  A 


d t 
A 


. - 1 d - v) 


N. 


d t 


initial  con- 
centration of 

A. 


therefore 


Integrating 

N^x,  NgX,  - 
['!„•  [<= 


net 


dx 

It 


net 


therefore  gives  x as  a function  of  tiine,  sunmiing 


N^x,  - NjjX  with  voltages  set  to  represent 
I ^ t ^ , gives  instantaneous  values  of  concentration 


Appendix  3 


(a)  Formulation  of  rate  equations  in  terms  of  net  rate. 


Stoichiometric  equation: 


Forward  Rate  eiqpression: 


Forward  Rate 
Forward  rate  constant 

stoichiometric  coefficients. 


Reverse  Rate  Expression: 


- ^ W >■'  c 

Reverse  rate 
Reverse  rate  constant 

stoichiometric  coefficients. 


AC  equi librium 


Forward  rate  ■ reverse  rate 

K,  . [Cr^  CD] 

TT  ca]"^  Cb;  ” 


This  agrees  with  the  "equilibrium  law"  which  states  that  for  a reactioa 


with  the  stoichiometry: 


r 


Note:  the  simulator  will  not  produce  the  expected  values  'of  equilibrium 
constant  unless  the  values  of  the  exponents  in  the  rate  expressions 
are  equal  to  the  corresponding  stoichiometric  coefficients.  More 
complex  forms  of  rate  expression  are  best  simulated  by  interconnecting 
2 or  more  simulators  to  produce  a "non-elementary"  reaction. 


Variation  of  Equilibrium  Constant  with  Temperature 


(Arrhenius  functions 
for  forward  and  reverse 
rate  constants) 


\ * 


therefore : 


Ln  K - Ln 
eq 


> * * 


But  E*  - E*  - ^ H 


enthalpy  change  for  the  reaction 


therefore : 


In  K - In 
eq 


Comparing  this  with  the  expression  relating  equilibrium  constant 
and  the  free  energy  ^ G: 


R T Ln  K 


eq 


and  substituting 


g-ah-tAs 


( /I  S “ entropy  change) 


gives 


Ln  R 


AS  ah 


eq 


RT 


The  simulator  parameters  A and  A can  therefore  be  interpreted  in 

‘ rR 

terms  of  the  entropy  change  for  a reaction  if  required. 

Graphs  of  Log  vs.  (T)  ^ should  be  linear  with  the  sign  of  the 
slope  depending  on  the  sign  of^  H. 


J 


I 


10  PH'IMT  •‘A0»K  (VOLTS)" 

P.PI  INPUT  A0»K 

30  PRINT  "K  (VOLTS)  ="»K  . 

40  PRINT  "I. ST  ORDER  l^EACTION  A =0*C* 

50  PRINT  "T"»"A  (VOLT.S)"»"H  AND  C 
60  FOR  I = I TO  IR 
70  LET  A = A0  - (l-l)*0.b 
R0  LET  H = (A0  -A) 

90  LET  T = 4. 7*?O*(LOO(A0) •-  LOG(A))/K 
100  PRINT  T*A,R,LOG(A) 

I 10  NEXT  I 
100  END 


♦RUN 


A0»K  (VOLTS) 

?10,1  '*  ‘ 

K (VOLTS)  * 1 

1ST  ORDER  REACTION  A =n+C 


A (VOLTS) 

R AND  C 

(VOLTS)LN  A 

0 

10 

0 

P.300SR 

4.00155 

9.5 

0.  5 

0.05109 

9.903B9 

9 

1 

0.  19  700 

1 5. 0760 

H . 5 

1 . 5 

2. 14007 

P0.9755. 

1 R 

0 

P,M79  44 

27.0401 

7.5 

0.5 

. 0.0149 

33. 5274 

7 

3 

1 .9459  1 

40. 4936 

6.5 

'3.  5 

1 .S71R 

40.0176 

A 

4 

1.79176 

56.  1967 

5.5 

4.  5 

1 . 70475 

65.  I55B 

5 

5 

1 . 609  44 

75.0597 

4.5 

5.5 

1 . 5040R 

B6.  1313 

4 

6 

1 . 3«  609 

9B.6R33 

3.5 

6.5 

1 .05076 

113.173 

3 

7 

1.09S61 

130.310 

2.5 

7.5 

0.916091 

...  . . -M..  ..... 

U. 693147 

l3«t*3IP 
1^1. 2«7 

2.5 

2 

8* 

0.69  3147 

^ 

1 7R  . ap-j 

1.5 

8.5 

0.405465 

^ ♦RUN 

f M»K  (VOLTS> 

’ 

• 

?IO»  0. 5 

K (VOLTS) 

*0.5 

1ST  ORDER 

REACTION  A =84-0 

• T 

A (VOLTS) 

B AND 

C (VOLTS)LN  A 

0 

10 

0 

2.30258 

9.6431 1 

9.5 

0.5 

2.25129 

19.8078 

9 

1 

-c-  2.  19  72? 

30. 553S 

8.5 

1 . 5 

2. 14007 

41.9SI 

8 

2 

2.079  44 

5-4.08  42 

7.5 

2.5 

2 . 0 1 49 

67.0548 

7 

3 

I.  9 459  1 

80.9872 

6.  5 

3.5 

1 .8718 

96.035? 

' 6 

4 

1.79176 

112.393 

5.5 

b 

1.70475 

130.31? 

5 

5 

1.60944  1 

1 50.  1 19 

4.5 

5.5 

1 . 50408 

1 72.263 

4 

6 

1.38  629 

197.367 

3.5 

6.  5 

1 .25276 

226.347 

3 

7 

1 .0?86l 

260.623 

2.5 

7.5 

0.9 1 629 1 

302.574 

2 

8 

0.693147 

356.659 

1 .5 

8.5 

0.405465 

Appendix  4 - BASIC  computer 
^ : (a)  list  order 

programs 

reaction 

for  scaling  and  performance  evaluation 

* 

cont/.. 


LIST 


in  IMPUT  A,B,T1 

f>n  PRINT  "A  =‘*1A 

3P»  PRINT  "B  ="|P 

40  PRINT  “TEMP  OFPSF.T  =”JT1 

50  PRINT  ••T"»**n'))’","ALIP".”K" 

60  FOR  I=1T0  10 

70  LET  T=T1  +0. 1*1 

00  LET  X = 1 0*B/T 

90  LET  Y=3*A-X 

lOOLET  K = lOty 

no  PRINT  T#X#Y»K 

IPO  NEXT  I 

130  END 

* 

*RUN 

?13.93» 12.69,7 
A = 13.93 
B = IP.  6.9 
TEMP  OFFSET  = 7 


T 

DOP 

ALIP 

K 

7.1  • 

1 17.R732 

-0.943239 

0. 1 13962 

7.2 

1 7.625 

-0.695 

0.201837 

7.3 

17.38  36 

. . -0.453562 

0.351915 

7.  A 

17.1486 

-0.218649 

0.604437 

7.5 

16. 92 

1 . 00002E-02 

1 . 02329 

7.6 

1 6.6974 

0.232632 

1 . 708  57 

7.7 

16.4305 

0.449  482 

2.81 502 

7.B 

1 6.269P 

0.66077 

4.  579 

7.9 

1 6.0633 

0.866709 

7.35713 

R 1S.R6P5 

*RUN 

?’l3.93.  12.0,7 

A = 13.93 

B = 12 

TEMP  OFFSET  = 7 

I . 06  7 5 

1 1 . 68  1 6 

T 

DOP 

ALIP 

K 

7*1. 

1 6.9014 

2.859  JPE-02 

1.06805 

7.2 

1 6. 6667 

0.263332 

1 .83372 

7.3 

16.438^4 

0 . 49  1 6 4 4 

3. 1 0201 

7.  A 

16.2162 

0.71  3783 

5. 1 7349 

7.5 

16 

0.93 

8 . 5 I 1 38 

7.6 

1 5.7895 

1 . 1 4053 

1 3.8206 

7.7 

1 5.  5844 

1.34558 

22. 1607 

7.8 

15.38  46 

1 . 54538 

35. 1062 

7.9 

15. 1899 

1 .74013 

54.97 

8 

1 5 

1.93 

8 5.  1 139 

* 

Appendix  4 cont/.. 

(b)  Arrhenius  Function  Generator 


» 

Appendix  5 

Program  Listing  for  Spy  Ring  History  Test 
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